Normal cells of Escherichia coli cannot be infected with viral nucleic acid or subviral particles. However, when cells are converted to spheroplasts by treatment with ethylenediaminetetraacetate (EDTA) and lysozyme, they become susceptible to the infecting agents (3-5, 13, 14) . Thus, changes in the permeability barrier of E. coli cells are required for infection with nucleic acid or subviral particles.
In a previous paper (12) , we showed that some strains of actinomycin-sensitive mutants of E. coli have anomalous permeability properties. The mutants are permeable to actinomycin and are readily lysed by lysozyine. It is known that normal E. coli cells are resistant to these agents unless they are treated with EDTA or chloroform to alter surface layers of the cell wall. It was suggested that the mutants are defective in some part of the cell wall structure, possibly in the outer lipoprotein or lipopolysaccharide layers, which serve as permeability barriers.
There is a possibility that intact cells of actinomycin-permeable mutants can be infected with viral nucleic acid or subviral particles. In a preliminary experiment, we showed that the mutant can be infected with OX174 deoxyribonucleic acid (DNA), although the efficiency of infection is very low (12) . In the present experiments, we have studied conditions for infection of the mutants with urea-disrupted phage, a preparation of subviral particles (3 (1) were applied. A 0.1-mi amount of an appropriately diluted suspension of T47 and 0.3 ml of bacterial culture were mixed and immediately plated on 3 ml of soft agar. The plate was incubated at 37 C overnight, and the number of plaques formed was scored.
Chemicals. Crystalline egg white lysozyme was purchased from Sigma Chemical Co. Colistin sulfate (polymyxin E) is the product of the Kayaku Antibiotic Research Co., Ltd., Tokyo, Japan, and was kindly provided by Atsuo Nakata of Osaka University.
RESULTS
Competence of actinomycin-permeable mutants for 7r infection. There is a considerable difference in the susceptibility of various E. coli strains to the urea-disrupted phage T47r. As shown in Table 1 , AS19 and AS27, permeable to actinomycin and sensitive to lysozyme (12) , produced many plaques when they were plated with a preparation of T47r. The original actinomycin-resistant strains, B and AB 157, and the other type of actinomycinsensitive mutants, ASI and AS12, which are not permeable to actinomycin or sensitive to lysozyme (12) , produced only a few plaques under the same conditions. In spite of the great difference in susceptibility to T47r, all of these strains plated intact T4 phage with amost equal efficiency.
Of much interest is the finding that cells of the actinomycin-permeable strains in the early stationary phase are most competent for 7r infection. In the experiment shown in Fig. 1 , an overnight culture of E. coli AS19 was diluted 20-fold with fresh broth and incubated at 37 C with shaking. At the intervals indicated, 0.3-ml portions of the culture were withdrawn and plated with 0.1 ml of a T4ir preparation. Only a few infective centers were formed when cells harvested at the beginning of the incubation were used for plating. The number of infective centers increased rapidly with time of incubation and reached the maximum level after about 10 hr of incubation, at which time most of cells enter the stationary phase. The efficiency of plating with T47r of cells in the early stationary phase was 50 times that of cells in the early logarithmic phase. This presents a striking contrast to the finding that exponentially growing cells are more susceptible to intact T4 phage than are stationary-phase cells (Fig. 1) . 5.5 X 107/ml). There is a possibility that the competent culture contains some factor(s) which makes cells susceptible to T47r. To examine this possibility, an experiment was performed in which logarithmicand stationary-phase cultures of AS19 were centrifuged, and the cells and the supernatant fluids were exchanged. The results indicated, however, that no such factor is present in the culture medium.
Effects of colistin on 7r infection. It has been shown that treatment of E. coli with colistin causes alterations in the permeability of the cell; it induces a release from the cells of ultravioletabsorbing materials and renders the cells sensitive to actinomycin (7, 8, 10) . Recently, Nakata, Hara, and Kawamata (9) reported that colistintreated E. coli can be infected with T47r with high efficiency. Thus, we tested whether colistin is effective on AS19 cells, which are originally sensitive to T47r, in increasing the efficiency of infection with T47r.
E. coli B and AS19 were grown in broth and harvested during logarithmic and early stationary phases of growth. Cells were suspended in broth containing various levels of colistin, incubated at 37 C for 10 min, and then plated with an appropriate concentration of T47r. As shown in Table 3 , treatment of cells with colistin resulted in Bacterial cultures were withdrawn after 3 hr (logarithmic phase) or 10 hr (stationary phase) of incubation, and the concentration of cells was adjusted to three levels. ' The turbidity of the culture was measured in a Klett-Summerson colorimeter with filter 66. A density of 125 corresponds to 109 viable cells/ml for a logarithmic culture of strain B.
r Number of plaques formed on plating with T4,r. Effects of lysozyme on 7r infection. The actinomycin-permeable mutants are sensitive to lysozyme, which attacks glycopeptide in a rigid layer of the cell wall (12) . In the following experiments, we investigated how lysozyme affects the susceptibility of cells to T47r. Table 4 summarizes the results of an experiment in which the effects of lysozyme on the colonyand plaque-forming abilities of E. coli B and AS19 were compared. Judging from inactivation of the colony-forming ability, AS19 cells harvested during the logarithmic phase of growth and those in the stationary phase are equally sensitive to lysozyme. It was found that treatment of AS19 cells with lysozyme resulted in a considerable increase in the efficiency of infection with T47r; however, the same treatment impaired the formation of plaques by intact T4 phage in the same strain. The enhancement occurred both in exponentially growing cells and in stationary-phase a Diluted suspensions of bacteria were plated on nutrient plates which contain various amounts of lysozyme.
I Lysozyme solution was added to soft agar kept at 50 C, a temperature at which no lysozyme activity was inactivated. Samples of 0.3 ml of bacterial cultures, adjusted to the density of 120, and 0.1-ml amounts of appropriate concentrations of T4 or T47r were mixed and plated with 3 ml of the soft agar. cells of AS19. Figure 2 indicates that AS19 cells, harvested during the two periods of growth, exhibit almost the same high efficiency of infection with T47r in the presence of lysozyme at concentrations of more than 3 Agg/ml.
No such dramatic effects of lysozyme were observed with E. coli B; the susceptibility to T47r, as well as the colony-and the plaque-forming abilities of B, were not significantly affected by the treatment. There is a correlation between permeability to actinomycin and susceptibility to T47r in the presence of lysozyme. Actinomycinresistant revertants, AS19R and AS27R, did not respond to T47r even when they were exposed to a high concentration of the enzyme (Table 5 ).
The relation between concentration of T47r and number of infective centers was studied by use of stationary-phase cells of AS19. The results are shown in Fig. 3 . The efficiency of plating in the presence of lysozyme (3 ,ug/ml) was about 250-fold more than that in the absence of the enzyme. Within a certain range of T47r concentration, the number of infective centers formed was proportional to the amount of T47r suspension used, indicating that a single particle of 7r can produce a plaque and that this system can be used for quantitative determination of T47r.
DISCUSSION
The present experiments demonstrate that intact cells of some strains of actinomycin-sensitive mutants can be infected with T47r, whereas ordinary E. coli cells cannot. This result had been anticipated, since it is known that the mutants have increased permeability and may be defective in outer layers of the cell wall, which prevent access of large or charged molecules to inner parts of the cell (12 the outer surface layers (7, 8, 10) and that lysozyme attacks glycopeptide in a rigid layer of the cell wall (11) .
Colistin is effective in converting the noncompetent cells of both B and AS19 to a competent state, suggesting that the development of competence in actinomycin-permeable mutants during the growth cycle is due to alterations in the surface layers of the cell wall. Lysozyme, on the other hand, increases the susceptibility to T47r of AS19 cells, in either phase of growth, but not of B. From these results, it appears that not only the outer layers but also the glycopeptide layer in the cell wall are obstacles to penetration of the infecting agent into the cell, and thus removal or alteration of these layers is necessary for the effective infection of cells with subviral particles. The reason for the enhancement of competence of the logarithmic-phase cells of permeable mutants by lysozyme is not clear at present, but it a The procedures were identical to those described in Fig. 2 , and the concentration of lysozyme was 3 Ag/ml. may be explained by the hypothesis that digestion of glycopeptide by lysozyme causes release of some components of the outer layers, which interfere with infection with T47r.
There is a linear relationship between concentration of T47r and number of plaques formed on the actinomycin-permeable mutants, indicating that the procedure can be used for quantitative assay of T47r. In the presence of appropriate concentrations of lysozyme, a preparation of T47r produces plaques with an efficiency as high as 10-per original T4 titer, which is comparable to the value obtained by using the conventional spheroplast system. Moreover, the procedure has advantages in that there are no complications of preparing and handling fragile spheroplasts, and the ordinary phage techniques can be used. It would be of great interest to apply the procedure to the assay of infectious nucleic acid. Preliminary experiments with 4X174 DNA and MS2 ribonucleic acid indicated, however, that more extensive studies are necessary to establish conditions for the effective infection of permeable mutants with free nucleic acid.
